Introduction
Huntington's disease is an autosomal-dominant inherited neurodegenerative disease with a distinct phenotype [1] [2] [3] . Clinical symptoms include progressive abnormal dancelike movements, mental dysfunction, and dementia. Brain imaging shows mainly caudate nucleus pathology and cortical atrophy [4] [5] . Huntington's disease prevalence worldwide, ranges from 5 to 10 per 100,000 people (0.05-0.1%) with significant morbidity in Western Europe and North America [6] [7] . Typically, Huntington's disease occurs during the third to fifth decade of life, showing slow progression and with affected individuals generally dying after 15 to 20 years. An earlier age of onset induces more rapid disease progression. Prevalence is approximately equal for men and women [8] [9] [10] . The clinical and hereditary aspects of Huntington's disease were first described by George Huntington in 1872, although the disease was known before this. In the 1980s and 1990s, development and application of exon amplification and cDNA cloning technology led to identification of important transcript 15 (IT15), the gene responsible for Huntington's disease, by a Huntington's chorea collaborative research team [11] [12] [13] . For suspected Huntington's disease patients, gene screening, neuropathological detection, radiological change, and laboratory tests, coupled with complete family histories, effectively improved the diagnosis rate [14] [15] [16] . Predictive testing is available for individuals who are at risk of carrying the Huntington's disease gene. Previous studies show that 3% of individuals with Huntington's disease occur without a family history. Although patients with a family history have more typical clinical symptoms, signs, and pathological changes, as well as an unambiguous clinical diagnosis, other diseases with dance-like movements, e.g., dentatorubral-pallidoluysian atrophy, spinocerebellar ataxia type 17, Huntington's disease-like-2, and neuroferritinopathy, are difficult to identify and distinguish from Huntington's disease [16] [17] [18] [19] [20] [21] . To improve detection accuracy and specificity, combined analysis of clinical symptoms, imaging changes, and genetic tests are needed. If typical clinical Huntington's disease symptoms and imaging changes are absent, it is particularly important to make an accurate gene diagnosis for excluding non-Huntington's disease neurodegenerative diseases. A reasonable strategy is to first test if the Huntington's disease mutation is present.
In the past two decades, accumulating evidence from collaborative scientific research has found that instable CAG expansion within gene sequences is the genetic basis for Huntington's disease development. Genetic dosage (CAG repeat length) of IT15 is closely linked with clinical features (e.g., age of onset). The mutant protein encoded by the pathogenic gene has also been identified. These findings provide insight into the mechanisms underlying neuronal degeneration in Huntington's disease, and enabled development of genetic animal models [22] [23] [24] [25] . Predictive testing for Huntington's disease in individuals with inherited mutant genes and abnormally expanded CAG repeats, provides the opportunity to develop preventive Huntington's disease therapies, potentially delaying or even inhibiting occurrence and development of Huntington's disease [26] [27] . In this study, we investigated a Chinese family from Wuhan, Hubei Province, with Huntington's disease. By mutation screening for CAG repeats in the Huntington's disease-associated candidate gene, IT15, using reverse transcription-polymerase chain reaction, T-A cloning, and sequencing, we provide a global analysis incorporating clinical symptoms, imaging examinations, and gene diagnosis, of Huntington's disease within this family.
Results
Quantitative analysis of participants A four-generation family comprising 22 individuals all from the Han population, was identified. Thirteen members were recruited, with five deaths and four uncooperative cases. Informed consent was obtained from all participating family members or their parents, after explaining the nature and possible consequence of the study. Detailed information of the subjects is shown (Table 1) .
Abnormal radiological changes in II2, II6, and III5
Brain MRI images for four family members are shown (Figure 1 ). In the proband (III5), axial weighted images showed bilateral cerebral cortex and caudate nucleus atrophy, and abnormal lenticular nucleus signals. Cerebellar atrophy was observed in sagittal images. For III9, abnormal signals appeared only in the left lateral caudate nucleus head, and there was no significant ventricular expansion or sulci thickening. Lateral ventricular expansion was observed in II2 and II6. In II2, axial images showed widened sulci and ventricular enlargement, both brain atrophy indicators. Sagittal images revealed cerebellar atrophy. In II6, lateral ventricular expansion was observed, indicating caudate nucleus head atrophy. Abnormal radiological changes were found in II2, II6, 
Forty-nine CAG repeats identified in the proband
Sequencing analysis identified 49 CAG repeats in the proband ( Figure 3 ). CAG repeats for every participant are summarized (Table 1 ). III5 and III9 have one Huntington's disease allele with > 40 CAG repeats, and one normal allele. This shows consistency between our DNA sequencing results and polyacrylamide gel electrophoresis analysis.
Discussion
Huntington's disease is an autosomal dominant disorder characterized by progressive loss of medium spiny neurons in the striatum and, to a lesser extent, pyramidal neurons in the cortex [28] [29] [30] . The Huntington's disease gene, IT15, was identified in 1993 and is located on chromosome 4p16.3 [31] [32] . The disease is caused by abnormal CAG sequence expansion within IT15, which is related to the age of disease onset [33] [34] . The average age of Huntington's disease onset is between 20 and 50 years, but adults of 35-40 years can be affected [35] [36] [37] [38] . Klempíř et al. [39] [40] found no evidence for the normal allele playing a role in modifying the age of onset.
A normally sized IT15 allele has a CAG repeat region of ≤ 26 repeats, generating a non-disease phenotype. Individuals with CAG repeats in the intermediate (27) (28) (29) (30) (31) (32) (33) (34) (35) range are considered at risk for Huntington's disease development [41] [42] [43] [44] . Individuals with 36-39 CAG repeats may develop Huntington's disease during their lifetime, and their children are at greater risk of developing the disease. There are no reports of Huntington's disease absence in any individual with > 40 CAG repeats [45] [46] [47] [48] . II2 II3 II6 III2 III3 III4 III5 III8 III9 IV1 IV2 IV3 IV4 The proband in our study suffered from confusion, unresponsiveness, and memory loss. The worsening symptoms suggested progressive cerebral cortex atrophy. Genetic test results showed the CAG repeat sequence (at the 5′ end of the IT15 gene coding region) was 49, above the normal range, indicating she suffered from Huntington's disease. The mother and uncle of the proband both had involuntary head and neck twitching and appeared physically uncoordinated. The cousin displayed clumsiness and was diagnosed with tetany at 35 years of age, schizophrenia at 38 years, with a high index for suspicion of Huntington's disease.
Sodium dodecyl sulfate polyacrylamide gel electrophoresis shows only one band in healthy controls, with subjects suspected of Huntington's disease having an extra band between 350-400 bp. According to the gene sequence, the CAG repeat number = (PCR product length-164)/3, with an error of ± 1-2 repeats [49] [50] [51] . The CAG repeat number in the proband was 62-78. Agarose gel electrophoresis detection of the CAG repeat number is affected by CCG repeats in the primers, designed for CAG repeats and adjacent CCG repeats, which also exist as polymorphisms. Therefore, we used DNA sequencing to accurately determine the number of CAG repeats. In this family, III5 and III9 have 49 and 48 CAG repeats, respectively, in IT15, and both are heterozygous, carrying a Huntington's disease and normal allele (the CAG repeat number was 16-20 in the normal allele). Gel electrophoresis test results can only be used for a preliminary decision. The final genetic diagnosis is dependent on gene sequencing.
In this study, mutational analysis of the IT15 gene indicated abnormal extension with repeated CAG number, thereby indicating Huntington's disease. However, among family members, there is significant difference in clinical manifestations, brain imaging pathology, and presence or absence of the IT15 gene mutation. III5 and III9 have > 40 CAG repeats, yet their clinical features are distinct. III9 does not show any obvious caudate nucleus atrophy or paracele enlargement. Brain scans show ataxic FLAIR signal in only the caudate nucleus head from the right paracele hook angle, but with no obvious ventricular expansion. II2 and II6 both show involuntary choreic movements and paracele expansion by brain CT and MRI scans, but no IT15 gene mutation on genetic diagnosis. Repeat rates of the CAG number in these two individuals are 18 and 19, and Huntington's disease can be ruled out. A diagnosis of Huntington's disease-like-2 could be made from detection of additional genes, including DRPLA, JPH3, and TBP, whose mutation results in the neural system movement disorders, dentatorubral-pallidoluysian atrophy, Huntington's disease-like-2, and spinocerebellar ataxia type 17, respectively [52] [53] [54] [55] [56] [57] [58] . No IT15 mutations are found in 1% of patients suffering from clinical features of Huntington's disease [36, [59] [60] . In summary, Huntington's disease diagnosis should not be determined only from clinical features and brain imaging alterations, but also by genetic diagnosis [61] . Recommended genetic tests should include IT15, DRPLA, JPH3, and TBP [62] , especially for patients whose main clinical feature is progressively more severe choreic movements, rather than obvious dementia and mental anomalies.
Subjects and Methods

Design
A familial, clinical case report. 
Time and setting
Subjects
A four-generation family was recruited from Zhongnan Hospital (Wuhan, Hubei Province, China). From the 22 family members, there were 13 participants (Figure 4 ). Detailed medical histories were obtained by interviewing all family members.
Three members are dead (I1, II4, and III5). I1 is the proband's grandfather, with disease onset at 42 years old and dead by 45. II4, the proband's mother, had disease onset at 45 years old and died at 60. II5, the proband's maternal uncle, had disease onset at 36 years old and was dead by 40. Before death, all individuals had severe involuntary movements and were bedridden after losing the ability to walk independently.
Among the other participants, the symptoms of II2, II6, and III9 are very similar to the proband (III5). The proband's cousin, III9, became symptomatic at 35 years old, and has mild involuntary movements in the fingers and wrists, which gradually spread to the face and shoulders. Increasing symptom severity led to grimacing, involuntary shrugging and dancing of the upper limbs, and an irritable personality. No other medical and surgical abnormalities were found by neurological examination.
Experiments were performed in strict accordance with the Declaration of Helsinki tenets. Written informed consent was obtained from all participating adult individuals and parents of children under 16 years old.
Methods
Clinical evaluation
The proband (III5), a 47-year-old married female with one daughter, presented with increasing irritability and spontaneous involuntary limb action in the past 2 months, although the symptoms started 2 years ago. Clinical manifestations include involuntary choreic movements of the upper limbs, an unsteady gait, lisp, and cognitive decline. Neurological examination revealed unconsciousness, involuntary movements, and muscular atrophy of the four extremities, slightly lower muscle tension, muscle strength grade 4, ankle-knee-tibia test (+), Romberg sign (+), and no pathological reflex. Urine and blood tests, liver and kidney function, electrolyte levels and electrocardiograms were normal. MRI of the head revealed severe brain atrophy. The other family members had similar medical histories.
Brain MRI analysis
Images were obtained using the 1.5 T MRI system (Philips Corporation, Amsterdam, Holland), with transverse T1-and T2-weighted scans.
Genetic analysis
Peripheral venous blood samples were collected from all study subjects. Genomic DNA was extracted from peripheral blood leukocytes using standard procedures. The IT15 gene coding sequence (GenBank NG_009378) was PCR amplified. Coding sequences were: IT15 forward, 5′-CCC AGA GCC CCA TTC ATT GCC-3′; IT15 reverse, 5′-GGC GGC GGT GGC GGC TGT TGC-3′ (Invitrogen, Shanghai, China). Amplifications were performed in 25 μL reactions containing 200 ng of genomic DNA with 2 × GC buffer, 10 pmol primers, 10 mmol/L dNTP, and 1 U Takara LA Taq polymerase (Takara Bio Ltd., Otsu, Shiga, Japan). PCR conditions were: initial denaturation at 94°C for 5 minutes, followed by 30 cycles of denaturation at 94°C for 30 seconds, annealing at 60°C for 45 seconds and extension at 72°C for 1 minute, with a final extension for 10 minutes. PCR products were resolved by 8% polyacrylamide gel electrophoresis, and following Evans blue staining, images were obtained using the DP-JS-680B Automatic Gel Imaging Device (Shanghai Peiqing, China).
PCR products from the proband and one unaffected family member were purified from agarose gels using a gel extraction kit, ligated into the pMD18-T vector (Takara Bio Ltd.), and sequenced using the ABI Genetic Analyzer 3730 (Invitrogen). Sequencing results were analyzed using Chromas 2.3 software (Technelysium Pty Ltd., South Brisbane, Australia) and compared against the NCBI database reference sequence (http://www.ncbi.nlm.nih.gov/nuccore/ NM_002111.6). 
